Cages are used to regain stability of the anterior spinal column following vertebrectomy, which could prevent signifi cant donor-site morbidity from the iliac autograft harvesting and the risk of disease transmission associated with the allograft. The hollow, porous, cylindrical nano-hydroxyapatite/polyamide 66 (n-HA/PA66) cage is a new nonmetallic cage device made by combining nano-hydroxyapatite with polyamide 66. Few studies have examined its effectiveness and outcomes over a follow-up Ͼ2 years.
A nterior corpectomy plays an important role in the treatment of thoracolumbar burst fracture. 1, 2 Although it offers suffi cient spinal cord decompression, it also nearly completely destroys the stability of the anterior vertebral column. Following resection, several implanting devices are traditionally used for reconstructing the stability of the segment involved, including structural autografts, 3, 4 allografts, 5, 6 and cages. [7] [8] [9] [10] [11] Tricortical iliac crest graft has generally been recognized as the gold standard of anterior reconstruction. 2, 12 However, recently, more surgeons prefer the cage device for spinal fusion because it can provide effective support and satisfactory fusion for the anterior column without using structure autograft, while preventing signifi cant donor-site morbidity from iliac autograft harvesting 3 and the risk of disease transmission associated with allograft. 13 The titanium mesh cage had all the advantages of this type of implanting technique; however, it led to a high rate of cage subsidence and metallic occlusion or scatter in postoperative radiography, which prevented it from being the ideal vertebral graft. 7, 14 Attempts were made to fi nd an alternative cage with more advantages than the titanium mesh cage, such as the carbon fi ber cage or the nanohydroxyapatite/polyamide 66 (n-HA/PA66) cage (Sichuan National Nanotechnology Co, Ltd, Chengdu, China).
The n-HA/PA66 cage is a nonmetallic cage device made by a composite of nanohydroxyapatite and polyamide 66, which is similar to apatite combining with collagen organism in natural bone. Its safety and mechanical properties were documented in earlier studies. 15, 16 This hollow, porous, cylindrical structure ( Figure  1 ) has a variable diameter and length for different clinical requirements and allows the surgeon to cut its ends (with a support saw) to a given angle to match the sagittal alignment of the fusion segment. Each cage has a wide rim with several shallow recesses designed to prevent subsidence and migration via decreasing the cutting action and increasing the friction between cage edges with vertebral endplates. It was expected that with the addition of the instrumentation (anterior or anterior/ posterior plate or rob-screw systems), the n-HA/PA66 cage could provide effective stability to the vertebral anterior column and avoid the subsidence and radiographic obstruction and scatter experienced with the titanium mesh cage.
To our knowledge, no study in the literature reports on the n-HA/PA66 cage for anterior reconstruction following thoracolumbar corpectomy with a follow-up Ͼ2 years. The purpose of this study was to evaluate the effectiveness of the n-HA/ PA66 cage in sustaining the stabilization of the anterior column after vertebrectomy in traumatic thoracolumbar burst fractures.
MATERIALS AND METHODS
Sixty consecutive patients with acute traumatic thoracic and lumbar burst fractures (between T10 and L4) underwent anterior reconstruction with the n-HA/PA66 cage following single-level vertebrectomy between January and November 2008. All surgeries were performed by 1 of 4 attending orthopedic spine surgeons (Y.S., L.L., H.L., J.Z.). Fifty-one of 60 (85%) patients had completed radiographic outcomes (preoperative and 1 week and Ͼ2 years postoperative) and postoperative health-related quality of life (SF-36) scores 17, 18 with an average 25.6-month follow-up (range, 24-31 months). Of the 9 excluded patients, 2 who had no improvement from preoperative neurological injury refused to participate this study, and 7 could not be contacted via telephone calls or multiple mailings.
The average age of the 51 remaining patients was 38.6 years (range, 18-65 years). All patients underwent anterior fusion with the n-HA/PA66 cage with the anterior segmental instrumentation Z-plate (Medtronic Sofamor Danek, Memphis, Tennessee) or CD Horizon Antares plate (Medtronic Sofamor Danek). Six patients had normal neurological function (Asia E) preoperatively, 5 patients were complete paraplegia (Asia A), and the remaining 40 patients had incomplete neurological injuries (Table 1) . 19 
SURGICAL TECHNIQUE
All 51 patients underwent single-level vertebrectomy (total or subtotal) via an anterior approach only, such as retroperitoneal, transthoracic, or combined transdiaphragmatic thoracoabdominal exposure. The corpectomy depended on the fractured level. The disks above and below this vertebrectomy site (within the fusion area) were thoroughly resected, and the exposed endplates were decorticated. The proximal and distal vertebrae adjacent to the corpectomy were opened until only soft tissue tension remained. We measured the distance between those intact vertebral endplates to choose an appropriate n-HA/PA66 cage length. The appropriate cage could be fi lled with autogenous graft obtained from morselized vertebral body or harvested rib (when thoracoabdominal was used). Next, we pressed the autograft with a support tool into the cage, then inserted the device into the space (Figure 2) . In all cases, anterior segmental instruments were added to provide compression forces to lock in the anterior cage. Finally, the remnant morselized cancellous bone was surrounded anteriorly and laterally by the cage. 
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Radiographic Analysis
All patients underwent plain static radiography and 3-dimensional computed tomography (CT) scanning preoperatively, 1 week postoperatively, and a minimum of 2 years postoperatively. One reviewer (an attending orthopedic surgeon who was not part of the primary surgical team [X.Y.]) measured the sagittal alignment of the fusion segment in the radiographs from these 3 time periods to detect whether the n-HA/PA66 cage provided effective support to the anterior vertebral column and how much the correction of kyphosis had lost in Ͼ2 years. In this study, kyphosis of the 3-fusion body was determined by Cobb angle measurement between the inferior endplate of the above vertebral body and the superior endplate of the below vertebral body.
Fusion status was evaluated based on 3-D CT scans and ranked to 5 grades according to the anterior fusion criteria described by Brantigan et al 20 (grades 1 and 2, not fused; grade 3, uncertain; grades 4 and 5, fused) ( Table 2 ).The fusion status was documented, and the consistency among different observers was excellent. 
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Radiographic assessment of fusion was completed by another independent observer (an attending spine surgeon who had not joined in the surgeries [F.P.]). Cage migration, deformation, and subsidence were detected by comparing the 1-week postoperative CT scans with those from fi nal follow-up. In our study, the subsidence of the n-HA/PA66 cage was measured by comparing 1-week postoperative CT scans with those from fi nal follow-up with respect to the largest measured length that the cage penetrated into the cephalic and caudal endplates among all the sagittal CT slices (Figure 3 ).
Patient Outcome
A comprehensive neurological examination was performed on all patents preand postoperatively, and the SF-36 questionnaire was used to obtain outcome data from the 51 patients at fi nal follow-up. The SF-36 allowed us to evaluate patient outcomes in 8 health dimensions: physical function, mental health, bodily pain, vitality, role-physical, role-emotional, society function, and general health. The SF-36 uses a 100-point scale, where a high score corresponds to an excellent outcome and a low score corresponds to a poor outcome. The score from every dimension of the SF-36 was recorded and compared with the population norm data.
Statistical Analysis
For statistical analysis of results, SPSS 11.0 statistic software (SPSS, Inc, Chicago, Illinois) was used. Quantitative data were analyzed by Wilcoxon's ranksum test, t test, or Mann-Whitney U test as appropriate. All P values were 2-sided, and levels of signifi cance reaching у95% were accepted.
RESULTS
Preoperatively, the mean kyphosis of the segment containing fractured vertebrae was 18.7ЊϮ11.3Њ, whereas 1 week postoperatively, mean kyphosis was 6.9ЊϮ7.7Њ, and at fi nal follow-up, it was 8.8ЊϮ8.1Њ. The mean correction of kyphosis at fi nal follow-up was 11.8ЊϮ7.1Њ and the loss of correction was 1.9ЊϮ2.1Њ. Average cage subsidence was 1.4ЊϮ2.2 mm. Severe cage subsidence (settling Ͼ2 mm) was observed in 10 (19.6%) patients, and no cage subsidence (settling 0 mm) was observed in 17 (33.3%) patients.
In the 10 patients with severe cage subsidence, segmental kyphosis was 21.5ЊϮ8.3Њ preoperatively, 5.9ЊϮ5.1Њ at 1 week postoperatively, and 9.9ЊϮ5.6Њ at final follow-up, with a mean loss of correction of 4.0ЊϮ2.1Њ. In patients with mild or no subsidence, kyphosis was 18.1ЊϮ11.9Њ preoperatively, 7.1ЊϮ8.3Њ one week postoperatively, and 8.5ЊϮ8.6Њ at fi nal followup, with a loss correction of 1.4ЊϮ1.9Њ. The recurrence of kyphosis in the severe subsidence group was signifi cantly higher than in the mild/no subsidence group (4.0ЊϮ2.1Њ vs 1.4ЊϮ1.9Њ, respectively; PϽ.05, Mann-Whitney U test).
Grade 5 fusion was observed in 35 of 51 patients (68.6%), with complete trabeculae bridging and more mature bone than preoperatively in the fusion area. Grade 4 fusion was observed in 11 patients (21.6%); a small lucent gap was noticed, but it did not infringe on the bone graft area. To our knowledge, grades 5 and 4 (90.2% of our patients) are considered to be fused. A small lucency was found between the graft bone and the vertebral 
Grade 4 Probable fused
Bone bridges the entire fusion area with at least the density originally achieved intraoperatively. No lucency between the donor bone and vertebral bone should be present.
Grade 5 Fused
The bone in the fusion area is radiographically denser and more mature than originally achieved intraoperatively. No lucency could be detected between the graft bone and cage with vertebral bone.
Figure 3:
Computed tomography scan measuring subsidence of the nano-hydroxyapatite/polyamide-66 cage. Neither the cephal (S1) nor the caudaul (S2) subsidence is the largest found in all computed tomography scans. The subsidence is measured as S1 plus S2.
body in 2 patients, and they were graded as grade 3 fusion (uncertain fusion). Grade 2 fusion was observed in 1 patient (2.0%) who had a probable pseudarthrosis. Grade 1 fusion, which is radiographically unfused, was observed in 2 patients (3.9%), in whom pseudarthrosis or cage disfi guration was detected ( Figure 4) . No visible correlation was found between smoking and fusion grade or severe cage subsidence. In the 46 patients with grades 4 and 5 fusion, there were 25 smokers, and in the 10 patients with severe cage subsidence, there were 6 smokers. No signifi cant correlation was found between age and severe cage settling. Average age was 38.6Ϯ12.7 years in the severe subsidence group and 40.0Ϯ11.5 years in the mild/no subsidence group (Pϭ.745, t test).
In our study, no patient experienced wound infection, allergic reaction, disease transmission, or deterioration of neurological defect. No broken instrumentation, cage translocation, or cage dislodging were found; only slight cage fl exion was noticed.
At fi nal follow-up, 20 patients had normal neurological function (Asia E) and 1 patient was paraplegic. The scores from the 8 health dimensions of the SF-36 survey were noted respectively and then compared with the normal population of mainland China. 21 Outstanding lower scores were shown in 4 of 8 health dimensions, including physical function, role-physical, society function, and role-emotional, whereas the scores of the remaining 4 dimensions (bodily pain, vitality, mental health, and general health), were close to the normal population (Table  3) . No signifi cant difference existed in the 8 dimensions between the fusion status group and the cage subsidence group (all PϾ.05; t test). However, the scores of 7 dimensions (excluding role-emotional; Pϭ.932) in neurologically intact patients were signifi cantly higher (PϽ.05) than those in neurologically injured patients (t or Mann-Whitney U test).
DISCUSSION
Several types of anterior reconstructing devices are commonly used following anterior decompression with vertebral body resection to rebuild the stability of the anterior vertebral column. The primary function of these devices is to provide safe and effective structural support to the anterior vertebral column. The implants must effectively maintain the spinal alignment and simultaneously facilitate the achieving of stable fusion. 9 Furthermore, the device should not affect radiographic observation through the postoperative follow-up.
The n-HA/PA66 cage is a new device made by uniformly infi ltrating nanohydroxyapatite into polyamide 66 matrix that mimics natural bone apatite distribution in collagen. 15 It has been documented in earlier studies that the n-HA/PA66 cage is a safety device and its mechanical properties match well with natural bone. 15, 16 The radiotransparent device will not cause radiographic obstruction or scatter, which would limit the observation of the fusion mass on plain radiographs or CT scans.
In a study by Ou et al 10 on the use of the n-HA/PA66 cage in thoracolumbar fracture, the authors reported a fusion rate of 100%, with nearly no loss of height correction in 42 patients with an average 13-month follow-up. The study provided clinical evidence to support the capability of the n-HA/PA66; however, the follow-up of those 42 patients was short, and pseudarthrosis or larger loss of correction may occur later that would not be observed.
In our study, no wound infection, deterioration of neurological defect, cage dislodging, or cage extrusion was found; slight cage fl exion occurred in 1 case. Over the period of Ͼ2 years postoperatively, the porous cylindrical n-HA/PA66 cage showed an effective ability to maintain the sagittal alignment of the segmentcontaining cage. The mean correction of kyphosis was 11.8ЊϮ7.1Њ, and the mean Figure 4 : Osseous fusion according to the Brantigan scale. 19 Complete and mature remodeling is considered grade 5 fusion (A). Radiolucence (arrow), although it does not involve the donor bone, is considered grade 4 fusion (B). A small resorption of donor bone noted in the ceiling is considered grade 3 fusion (C). Probable pseudarthrosis (arrow) in the fusion area is considered grade 2 fusion (D). Cage fl exion and pseudarthrosis (asterisk) are considered grade 1 fusion (E).
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loss of correction at fi nal follow-up was 1.5ЊϮ2.4Њ. In the severe cage subsidence group (cage settling Ͼ2 mm), the mean correction loss of kyphosis was 4.0ЊϮ2.1Њ, signifi cantly larger than the mild/no subsidence group (0.9ЊϮ2.0Њ). We suggest that to obtain an excellent outcome, it is essential to prevent the implant from severely penetrating into the adjacent vertebral endplates. Severe cage subsidence is documented to be an important infl uencing factor in the stability of the fusion segment contacting the cage because it leads to a loss of height and segmental alignment and to the increased possibility of the failure of the internal fi xation structure. 22 Because the titanium mesh cage was commonly used for anterior reconstruction, the subsidence occurring at the rim of the titanium mesh cage was noticed by many surgeons. Eck et al 23 reported that cage settling (Ͼ2 mm) occurred in an average of 47% of patients who underwent anterior titanium mesh cage implantation after corpectomy. In another series of 43 patients with the titanium mesh cage, Dvorak et al 9 reported that the mean subsidence of the cage was approximately 4 mm at an average 32-month follow-up. In our study, severe subsidence of the n-HA/PA66 cage was observed in 19.6% (10/51) of patients, and 33.3% (17/51) of patients had no subsidence (cage settling 0 mm); the mean subsidence of all patients was approximately 1.4 mm. One reported important risk factor of subsidence was osteopenia 9, 22, 24 ; however, in our study, most patients were young, and because we thought the effects of osteopenia should be small, bone mineral density examinations were not required.
Based on data from both cages, we hypothesized that cage subsidence with the n-HA/PA66 cage occurred less than with the titanium mesh cage when they were used as vertebral replacement in the thoracic and lumbar spine. Important differences in these 2 devices are their designs and modes of elasticity. The titanium mesh cage has 2 sharp rims designed to anchor the cage into the adjacent endplates and avoid the translation of the cage; however, the sharp rims lead to a small surface area of contact with the endplate and promote the cage penetrating into the vertebral body. 2 The n-HA/PA66 cage has wider edges, which increase the load-bearing area between the cage and endplate to resistant cage settling. The n-HA/PA66 has a similar mode of elasticity to natural bone, which in theory could decrease the occurrence of cage subsidence. 10, 15 However, more prospective or retrospective control studies between the n-HA/PA66 cage and titanium mesh cage are needed to provide proof of the lower incidence rate of subsidence in the n-HA/PA66 cage.
Defi nite (grade 5) and probable (grade 4) osseous fusion were identifi ed in 90% of our patients. The reasons for this high rate of successful fusion were (1) the excellent mechanical stability of this cage, ensuring adequate compressive stress through donor bone that facilitated the bone growth, and (2) the osteoconductivity and osteoinductivity of the n-HA/PA66 providing an outstanding tissue engineering scaffold for osseous fusion. 25 Cotler et al 4 reported 93% of patients with successful fusion 1 year after using structural autograft for anterior reconstruction following thoracolumbar resection. Finkelstein et al 5 reported an 80% fusion rate of the structural allograft in 36 patients with thoracolumbar trauma. Dvorak et al 9 achieved a fusion rate of 93% with the titanium mesh cage for thoracolumbar vertebral replacement. However, in these studies, the evaluation of spinal fusion depended almost entirely on plain static radiography. Plain radiographic assessment of fusion was once the predominant imaging method for analyzing the status of spinal arthrodesis after bone graft implantation because of its low cost and easy availability 6 ; however, the accuracy of this method has recently been suspect owing to its false positive rate in fusion assessment. 11, [26] [27] [28] A trend exists toward using CT scans as a more reliable radiographic tool for spinal fusion assessment, despite its expensive cost.
In our study, 3-D CT scans were explored in all patients to reveal the substantial status of the fusions. The fusion mass around and within the cages could be observed easily, and slight pseudarthrosis could be detected clearly. We used an appropriate, strict 5-level fusion grading system as described by Brantigan et al. 20 In our opinion, the high fusion rate of the n-HA/PA66 cage based on 3-D CT scanning was more accurate than the rate of the other implanting devices assessed on overestimating plain static radiography.
One patient ( Figure 4E ) had slight fl exion of the n-HA/PA66 cage. The largest loss of kyphosis correction in our study was noticed on his lateral plain radiograph, but we could not detect this impalpable cage deformation based on radiographs where the cage had approximately the same radiographic density with normal bone. Without the CT scans, this cage deformation may have been missed; fortunately, the slight fl exion and a probable hairline pseudarthrosis was observed clearly on sagittal CT scan. Although this patient felt slight low back pain, it was imperative to monitor him closely for more serious hardware failure and clinical syndrome in future. The radiolucence of the n-HA/PA66 cage would limit the observation of its own integrity on plain radiographs. Therefore, if radiographic assessment was required after cage implantation, CT scans would be necessary.
Decreased SF-36 scores appeared in 4 of 8 dimensions, including physical function, role-physical, society function, and role-emotional, whereas the scores in the remaining dimensions (mental health, bodily pain, vitality, and general health) were essentially identical to the normal population. The scores in 7 of 8 dimensions (excluding role-emotional) in neurologically injured patients were significantly lower than those in neurologically intact patients. Unrecovered neurological defects and losing low-back activity from surgery are the most important reasons for the marked lower scores of those dimensions. The lack of preoperative SF-36 scores in our study, which should be compared with postoperative scores, may have created a deviation of our outcomes.
CONCLUSION
Following single-level vertebrectomy in patients with thoracolumbar burst fracture, the n-HA/PA66 cage effectively maintained sagittal alignment and led to a high rate (90.2%) of successful osseous fusion and a low proportion (19.6%) of severe cage subsidence. Although the assessment of cage status (such as integrity) was diffi cult using plain radiography, both cage and fusion status could be evaluated on the CT scans clearly and accurately. A longer (у5 years) follow-up study on the n-HA/PA66 cage used for vertebral replacement was required, especially because slight cage fl exion was detected Ͻ3 years postoperatively.
